Introduction {#Sec1}
============

Many school tasks necessitate quick decisions, and children with a slow cognitive processing speed may be disadvantaged if they have to solve tasks at the same tempo as their peers. The importance of such slowness to the academic development was emphasized in a study by Fry and Hale \[[@CR1]\], showing that cognitive processing speed is a mediator of the age-related increase in intellectual function. This was supported in a more recent study, showing that performance on tests of cognitive processing speed explains a significant part of performance on a standardized test of intellectual functioning \[[@CR2]\]. Furthermore, poor results on such tests have been related to both behavioural \[[@CR3]--[@CR5]\] and emotional disorders \[[@CR6]--[@CR8]\]. These findings emphasize the importance of clinical methods for early detection of slow cognitive processing speed in children.

A primary school teacher may be the first to notice what may reflect slowness due to impaired cognitive processing speed. She/he will probably be worried if a child is slow to initiate a task or seems to lack the energy to fully take part in academic activities, characteristics that have been referred to as symptoms of hypoactivity \[[@CR9]\]. However, she/he may find it difficult to interpret the aetiology and significance of such symptoms and to meet the needs of the child. If the child is not referred to a more formal cognitive assessment, including psychometric tests of processing speed, the question will remain whether the child's problems should be defined as a cognitive problem.

This motivated the present study to investigate the association between primary school teacher's report of symptoms of hypoactivity and the child's cognitive processing speed as measured by psychometric tests. The participants were all part of the first wave of the Bergen Child Study (BCS), a population-based study of mental health and development of children 7--9 years at inclusion. Teachers of all children were asked to complete a questionnaire including two items from the Five to Fifteen (FTF) questionnaire \[[@CR9]\] ("appears slow, sluggish and lacking energy" and "difficulty getting started on a task/activity") which are part of the hypoactivity symptom domain of FTF. A subsample from the BCS population participated in a clinical study including a psychometric measure of cognitive processing speed. We hypothesised that children with high scores on teacher-reported FTF symptoms of hypoactivity in this subsample would also show slow performance on the processing speed measure and that processing speed performance would contribute substantially to explain the variance of the teacher reports on the FTF items. Finally, we investigated the risk of being defined with hypoactivity symptoms by the teacher if the PSI score was below the normal range (i.e., \<85).

Methods {#Sec2}
=======

The Bergen Child Study {#Sec3}
----------------------

The present research is part of the first wave of BCS, a longitudinal population-based study of children (*N* = 9,430) attending second--fourth grade (7--9 years of age) in all schools in Bergen, Norway, at inclusion (October 2002). The study was approved by the Regional Committee for Medical Research Ethics in Western Norway and by the Privacy Ombudsman for Research, Norwegian Social Science Data Services Ltd. The protocol, population, and attrition rates in the first wave of BCS have been described in detail in separate publications \[cfr. [@CR10]--[@CR12]\].

Briefly, the first wave of the BCS included three stages. In stage 1, a questionnaire screening for behaviour problems and psychiatric disorders was sent to all parents and teachers of the whole Bergen population (*n* = 9,400). The questionnaire included---among other instruments---the two items from the FTF hypoactivity symptom domain \[[@CR9]\]. The BCS also included the Strengths and Difficulties score (SDQ), the DSM-IV symptoms of ADHD as part of a modified version of the Swanson, Nolan and Pellham (SNAP-IV) questionnaire \[[@CR13]\]; the Autism Spectrum Screening Questionnaire \[[@CR10], [@CR14]\], questions addressing obsessive--compulsive symptoms \[[@CR15]\] and questions on tics symptoms \[[@CR16]\]. In stage 2, parents of children defined as screen positive (defined in Fig. [1](#Fig1){ref-type="fig"}) in stage 1 and a sample of screen negative children were interviewed according to the Development And Well-Being Assessment (DAWBA, <http://www.Dawba.com>) \[[@CR17]\]. The DAWBA is a fully structured interview with open questions performed by trained lay interviewers and scored by experienced clinicians \[[@CR11]\]. A stage 3 included an in-depth psychiatric and neuropsychological assessment of a subsample of "DAWBA positive" (i.e. children with a diagnosis) and "DAWBA negative" children from stage 2.Fig. 1Flowchart describing the selection of participants in the present study. Screen positive *1* the SDQ total difficulty score exceeded the 90th percentile cut off according to parents of teachers, *2* there was a severe impairment according to parents or teachers on the SDQ impact section, or *3* the score on one of the other scales included in the questionnaire exceeded the 98th percentile

The subsample in focus in the present study consisted of all children participating in the third stage, altogether 304 children from the Bergen population, 8--11 years of age at the time of examination. They were invited together with their parents to participate in an examination including the Wechsler Intelligence Scale for Children, third edition (WISC-III, 18), as well as supplementary tests of attention, memory and motor function and a clinical diagnostic interview \[[@CR19]\]. Ten of the children were excluded from the present study either because they could not perform the WISC-III test (*N* = 1) or because their teachers had not checked both FTF hypoactivity items in the first stage of the BCS (*N* = 9). All children with a tested full-scale IQ below 70 were excluded from participation in the present study (*N* = 39), leaving a final sample of 255 children (94 girls, 161 boys) for the present study. The number of children participating in each of the three stages is illustrated in Fig. [1](#Fig1){ref-type="fig"}. Of the 234 included children with information from the DAWBA interview, 68 children (22 girls) obtained a DSM-IV diagnosis.

The hypoactivity items in the BCS questionnaire {#Sec4}
-----------------------------------------------

The two hypoactivity items, "appears slow, sluggish or lacking energy" and "difficulty getting started on a task/activity" from the FTF questionnaire were only included in the teacher version. They were scored as 0 ("not true"), 1 ("somewhat true") or 2 ("certainly true"). Although the two items have been shown to have good internal consistency, with a Cronbachs alpha of 0.78 \[[@CR9]\], the two items assess different aspects of hypoactivity that may lead to impairment for different reasons. For instance, difficulty initiating a task may be due to a reluctance to start, but it could equally well be caused by distractibility/lack of focused attention, or a more general cognitive impairment. Some teachers may report one but not both symptoms. Therefore, the two items were included separately in some analyses. In the main analyses, a child was defined as impaired if the teacher reported "certainly true" on at least one of the two items.

Cognitive processing speed {#Sec5}
--------------------------

In the WISC-III \[[@CR18]\], the subtests "Symbol Search" and "Digit Symbol" are included in a Processing Speed Index (PSI). The PSI was used as the measure of processing speed in the present study. The other WISC-III indices, verbal comprehension (VCI), perceptual organization (POI), and freedom from distractibility (FFDI) were also included with a view to investigate the specificity of the decline of the PSI in children with a "certainly true" teacher report on at least one of the two FTF items. The WISC-III was administered and scored by trained technicians in a quiet room designed for testing. Scaled scores on the four indices and the Full Scale IQ (FSIQ) scores were derived from Swedish norms \[[@CR20]\].

Statistics {#Sec6}
----------

For statistical analyses we used the SPSS package, version PASW 17.2. Descriptive statistics were used to present the frequency of teacher reports of hypoactivity symptoms. The children with a "certainly true" report on at least one of the two FTF items were compared with their peers on the WISC-III indices by using an Independent Samples *t* test. Effect sizes (*d* values) were calculated using pooled standard deviation. A general guideline for interpreting the *d* value is that a *d* of 0.20 is small, a *d* of 0.50 is moderate and a *d* of 0.80 is large \[[@CR21]\].

A logistic regression analysis was run to investigate whether teacher ratings of the two FTF hypoactive symptoms could be explained by the child's result on the PSI. Three different analyses were run, including children defined as impaired (i.e., children with a "certainly true" score on at least one of the two FTF items) as a dependent variable in the first analysis, and then two separate analyses of children with a "certainly true" report on the items "appears slow, sluggish or lacking energy" and "difficulty getting started on a task/activity", respectively.

To investigate the risk of being defined as hypoactive if the PSI score was below normal range, the PSI score was categorized into a level below 85 and a level equal to or above 85.

Results {#Sec7}
=======

Teacher reports on the FTF items {#Sec8}
--------------------------------

In the subsample of 255 children, the correlation between the two FTF items was statistically significant (*r* = 0.384, *p* \< 0.001). The responses "somewhat true" or "certainly true" had a lower frequency on the FTF item "appears to be slow, sluggish or lacking energy" (9.8 and 2.7%, respectively) than on the FTF item "difficulty getting started on a task/activity" (25.1 and 10.2%, respectively). Thirty of the children were reported with a "certainly true" response on at least one of the FTF items (11.8%). Such report was significantly more frequent among boys (*n* = 27) than girls (*X*^2^ = 10.54, *df* = 1, *p* = 0.001). The highest number of children was found in the group reported with a "somewhat true" answer on the FTF item "difficulty getting started on a task/activity". Only three children, all boys, obtained a definite score on both FTF items.

Cognitive processing speed {#Sec9}
--------------------------

Table [1](#Tab1){ref-type="table"} shows the results on the index scores from the WISC-III test. The sample of children reported with a "certainly true" score on at least one of the FTF items (*n* = 30) obtained much lower results on the PSI (mean = 84.5, SD = 14.3) than the other children in the sample (mean = 95.4, SD = 16.8, *t* = 3.39, *df* = 253, *p* = 0.001, *d* = 0.66). None of the other indices significantly differentiated those with a "certainly true" report on either of the two FTF items from the other children. The item "difficulty getting started on a task/activity" accounted for the significant difference in terms of poor PSI results (cfr. Table [1](#Tab1){ref-type="table"}).Table 1Mean (SD) values for the four WISC-III factors for children with a "certainly true" report on either or one of the two FTF itemsVCIPOIFFDIPSIImpaired (*n* = 30)91.0 (12.5)95.8 (12.2)91.6 (13.2)84.5 (14.3)Non-impaired (*n* = 255)93.6 (12.9)98.2 (13.8)96.5 (16.5)95.4 (16.9)\*Sluggish (*n* = 7)89.4 (18.3)90.9 (14.4)89.9 (16.1)85.0 (14.1)Not sluggish (*n* = 248)93.4 (12.7)98.1 (13.6)96.1 (16.2)94.4 (17.0)Slow to initiate (*n* = 26)91.0 (11.5)95.7 (12.0)90.3 (13.5)82.9 (14.5)Not slow to initiate (*n* = 229)93.5 (13.0)98.1 (13.8)96.5 (16.4)95.4 (16.7)\*\*Impaired, "certainly true" report on at least one of the two FTF items; Sluggish, "certainly true" report on the item "appears to be slow, sluggish or lacking energy"; Slow to initiate, "certainly true" report on the item "difficulty getting started on a task/activity"*VCI* verbal comprehension index, *POI* perceptual organisation index, *FFDI* freedom from distraction index, *PSI* processing speed index\* *p* = 0.01, \*\* *p* \< 0.001

Prediction of reported hypoactivity symptoms {#Sec10}
--------------------------------------------

A logistic regression analysis with children obtaining a "certainly true" score on at least one of the two FTF items as the dependent variable (marked as "Impaired" in Table [2](#Tab2){ref-type="table"}) showed a statistically significant contribution of processing speed. Including the FTF item "appears to be slow, sluggish or lacking energy" as the dependent variable resulted in non-significant results for processing speed. The contribution of processing speed was statistically significant when the item "difficulty getting started on a task/activity" was included as the dependent variable.Table 2Contribution of processing speed to explain if a child was reported with a "certainly true" score on the two FTF itemsImpairedSluggishSlow to initiatePredictorBSEBSEBSEProcessing speed−0.039\*0.013−0.310.021−0.045\*0.014Impaired, "certainly true" report on at least one of the two FTF items; Sluggish, "certainly true" report on the item "appears to be slow, sluggish or lacking energy"; Slow to initiate, "certainly true" report on the item "difficulty getting started on a task/activity"*B* beta value, *SE* standard error of beta\* *p* \< 0.01

Children with a PSI score below 85 {#Sec11}
----------------------------------

A higher proportion of children with a PSI score below 85 obtained a "certainly true" report from their teachers on at least one of the FTF items (46.7%) than their peers \[27.1%, OR = 1.72 (CI = 1.11--2.67)\]. The risk was increased both when teachers reported "certainly true" on the FTF item "appears to be slow, sluggish or lacking energy" \[OR = 1.48 (CI = 0.614--3.55)\] and on the FTF item "difficulty getting started on a task/activity" \[OR = 2.02 (CI = 1.33--3.06)\].

Discussion {#Sec12}
==========

An important finding in the present study was that a well-recognized measure of processing speed differentiated children recognized by teachers as having symptoms of hypoactivity from their peers and that cognitive processing speed contributed substantially to the variance in teacher reports of hypoactivity symptoms. Actually, the children reported with hypoactivity symptoms had a close to twofold higher risk to obtain a score below 85 than their peers. This held even though the teacher ratings of hypoactivity symptoms had been performed more than 1 year prior to the psychometric testing. Somewhat surprisingly, the teacher reports on the FTF item "appears to be slow, sluggish or lacking energy" were not explained by the PSI measure from WISC-III. This was only true for the FTF item "difficulty getting started on a task/activity", however, the conclusion should be modified by the fact that very few children (*n* = 7) were rated with a "certainly true" report on the "appears to be slow, sluggish or lacking energy" item.

The unique contribution of the present study was to show that teacher reports of hypoactivity symptoms may reflect an early sign of the child's cognitive processing tempo, a cognitive function that has been shown to overlap with cognitive control functions \[[@CR23]\], needed in solving tasks containing a conflict between salient stimulus \[[@CR24]\] and necessary for using the working memory, set-shifting, and response inhibition abilities \[[@CR25]\]. The importance of this finding is emphasized by the fact that early recognition of slow processing speed in a child can help to adjust the teaching in lowering the demand of tempo in information processing and thereby help the child to solve complex tasks that require the use of cognitive control abilities. A child not meeting the tempo demands in information processing might easily get stressed and develop symptoms of anxiety for not being able to meet the requirements at school. Such anxiety will probably in itself lower the cognitive ability to make quick decisions in a task, further increase problems with processing speed \[[@CR8]\] and decrease the ability to solve complex tasks because of a stress response in the brain limiting the neural resources for cognitive processing \[[@CR26]\].

However, to obtain a firm conclusion about the association between processing speed and hypoactivity symptoms in children with symptoms within and across diagnostic categories, it is necessary to include a larger number of children than in the present study. One should also consider including a wider range of tasks assessing different aspects of the processing speed ability. The question remains as to whether the PSI measure from WISC-III measures the same underlying construct as do other tasks of cognitive speed, and if healthy children and children within different diagnostic categories are affected on different aspects of PS. Another limitation in the present study is the inclusion of only two items to measure hypoactivity symptoms. The two items seemed to tap different types of problem and are therefore not appropriate to identify a separate hypoactivity factor. However, by using these two items we were able to show that the teacher responses were significantly explained by the children's cognitive processing speed, meaning that teachers should take more note of these types of child characteristics and refer for more formal testing of cognitive processing speed.

Finally, the design of the present study did not allow for any conclusion about the impact of teacher reports of hypoactivity symptoms and slow processing speed on the child's future mental health. In the age group included in the present study, slow processing speed would be expected to be associated with academic failure, which might then result in low self-esteem and emotional problems. In a parallel manner, a primary school child with an externalizing disorder and slow processing speed due to problems initiating an activity may receive a lot of negative feedback from teachers due to their misinterpretation of the problem (e.g. "he is unwilling to work"). This may then result in emotional problems, putting the child at risk of developing both types of disorders. Recent studies have shown promising results by introducing training programs when the child enters school \[[@CR27]\], programs that may help children with such cognitive problems to obtain a more successful mental health development. This emphasizes the importance of increased awareness from primary school teachers to notice what may reflect slowness due to impaired cognitive processing speed.

Conclusion {#Sec13}
==========

The main contribution of the present study was to show that teacher reports of hypoactivity symptoms detected children with slow cognitive processing speed on psychometric test measures, suggesting that such reports should be followed up by formal assessment of the child's cognitive function. However, reports on the two FTF items were not able to identify all children with slow processing speed. The take-home message of the present study is the importance of slow processing speed---and its implications---in the daily life of children, and that primary school teachers need to be well trained in order to identify and help children observed to be slow to initiate a task or who seem to lack the energy to fully take part in activities at school.
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